Abstract Objectives
Introduction
Diffuse large B cell lymphoma (DLBCL) is a highly aggressive neoplasm and the most common subtype of non-Hodgkin's lymphoma (NHL) [1, 2] . Cytotoxic chemotherapy regimens can achieve complete remission. However, it is crucial to identify non-responders and high-risk patients, since lymphomas may be histologically, immunohistochemically, and genetically heterogeneous, making them resistant to chemotherapy [3] . This heterogeneity results in the relapse or progression of 50% of DLBCLs during or after standard treatment [4] . Therefore, it is important to detect patients who will not be sensitive to chemotherapy at an early time point and to guide clinical therapeutic strategies.
Currently, the prognostic assessment of DLBCL is performed according to the International Prognostic Index (IPI) [5, 6] . MYC, BCL2, and BCL6 rearrangements are also essential in providing risk stratification to predict outcome. Nevertheless, an individual IPI cannot accurately identify the specific genetic modification, because of the heterogeneity of these neoplasms [7, 8] .
Interim 18 F-FDG PET has shown promising results in the prognostic evaluation of patients after treatment [9] [10] [11] [12] . Lymphoma manifestations which have a decreased glucose metabolism on interim staging are more likely to respond to chemotherapy [13, 14] . Most investigations have focused on the use of interim PET after two cycles of chemotherapy to predict therapeutic outcome. Even though the results of those trials were very promising, there is, however, still a controversy about the utility of the interim PET to change treatment, its role in clinical trials, or whether to analyze this PET with Deauville five-point scale(D-5PS) or with ΔSUV [15, 16] . In spite of this, there is an increasing clinical interest in the use of interim 18 F-FDG PET/CT, particularly after one cycle of chemotherapy, to predict therapeutic response and outcome.
The maximum standardized uptake value reduction proportion (ΔSUVmax%) and the D-5PS are usually applied to assess therapeutic effects during/after chemotherapy, but the criteria still remain controversial [14, [17] [18] [19] . The prognostic value of ΔSUVmax% and D-5PS derived from interim PET evaluation (after one cycle compared to two cycles of chemotherapy) has not been clarified for DLBCL.
Rearrangement of MYC is known to be associated with poor prognosis in DLBCL patients. This rearrangement is found in 5-15% of DLBCL cases and is connected with resistance to chemotherapy, disease progression, and poor prognosis in late-stage disease [20] [21] [22] [23] [24] . Therefore, we also assessed the MYC status together with the parameters obtained by FDG PET as a prognostic marker.
In this present study, we sought to evaluate the prognostic value of ΔSUVmax% derived from interim FDG PET/CT after one cycle as compared to two cycles of chemotherapy in DLBCL patients. We also compared the two time points using the conventional D-5PS evaluation and determined the best cutoff of the D-5PS to predict the progression freesurvival (PFS). The impact of MYC rearrangement was also assessed as a secondary objective.
Materials and methods

Patients and treatment
A retrospective analysis was performed on a cohort of 60 DLBCL patients (29 male and 31 female, age: 51 ± 16.2 yrs. with range: 18-81 yrs.) who were prospectively enrolled in a larger trail. All patients had a DLBCL confirmed by pathology as the only type of malignancy. Seventeen patients underwent CHOP (cytoxan, adriamycin, vincristine, and prednisone) and 43 patients underwent R-CHOP therapy (rituximab) in cycles of 21 days each. Informed consent was obtained according to the protocol approved by the local ethics committee.
International prognostic index (IPI)
The IPI score included six risk factors: age > 60 years (+); age > 70 years (−); ECOG PS >1 (+); elevated serum lactate dehydrogenase (LDH; +); extranodal sites >1 (+); and stage III or IV (+). The number of risk factors determined the category of risk, as follows: low risk (score 0-1); low intermediate risk (score 2); high intermediate risk (score 3); and high risk (score 4-5).
F-FDG pet/CT
18 F-FDG PET/CT post-chemotherapy examinations were scheduled 1 week before the next course of chemotherapy. The patients who underwent 18 F-FDG PET/CT after one cycle (n = 30) and two cycles (n = 30) of chemotherapy were randomly assigned to these two groups. A hybrid PET/CT scanner (GE Discovery STE, USA) was used for staging and restaging of lymphoma. Image data was acquired 60 min after the injection of 4.44-5.55 MBq 18 F-FDG per kg body weight. The subsequent whole-body 18 F-FDG PET (from the head to the middle part of the thigh) was performed in threedimensional acquisition mode with 6-8 bed positions and 2.5 min/position using the CT data for PET image attenuation correction. The following parameters for the CT scan were used: tube voltage of 120 kV; current of 180 mA; pitch of 0.938:1; slice thickness of 3.75 mm; and a single-round tube rotation time of 0.8 s. The PET images were reconstructed by ordered-subsets expectation maximization (OSEM), 2 iterations and 20 subsets and a matrix size of 128 × 128 pixels were used in the reconstruction.
Image analysis
Visual and semi-quantitative analysis was employed. Two boardcertified nuclear medicine physicians (Yuan L. and Wu Z. F.) experienced in reading PET/CT evaluated the PET data. For semi-quantitative analysis, the highest 18 F-FDG uptake was determined based on an region of interest (ROI) method. The SUVmax and the relative decrease of the SUVmax (ΔSUVmax%) between pre-chemotherapy (preSUVmax) and post-chemotherapy (postSUVmax) were calculated [ΔSUVmax% = (preSUVmax -postSUVmax)/preSUVmax × 100%].
In addition, the standard D-5PS scoring system was used to assess treatment response qualitatively as follows: score 1: no residual disease; score 2: if the residual tumor uptake of 18 F-FDG was less than or equal to the mediastinal blood pool; score 3: if the standard of the mediastinal blood pool was less than the residual lesioned 18 F-FDG uptake, and less than or equal to the liver uptake; score 4: if the 18 F-FDG uptake of residual lesions was slightly greater than that of the liver; and score 5: if the 18 F-FDG uptake in residual lesions was significantly more than that in the liver (over two times) or new lesions were detected.
Immunohistochemical staining CD20, BCL-2 (Gene Tech Biotechnology, Shanghai, China), CDl0 (Golden Bridge Biotechnology, Beijing, China), BCL-6, and MUM1 (Maxin Biotechnology,Fuzhou, China) were labeled via a two-step process using EnVision. A positive staining was defined as the appearance of distinct positions of brown-yellow or brown particles. The immunochemical positive reactivity patterns of CD20, CDl0, and BCL-2 were identified in the membrane and those of BCL-6 and MUM1 were identified in the nucleus. According to the expression levels of CDl0, BCL-6, and MUM1, DLBCL was classified as germinal center B cell (GCB) or non-GCB [25] .
Fluorescence in situ hybridization (FISH) testing
An MYC dichroic separation rearrangement probe (SPEC LSl MYC Dual Color Breakapart Probe, ZytoLight, IL, USA) was used. Normal mitosis interphase nuclei could be seen as two fused signals (Fig. 3A) . MYC gene rearrangement was deemed to be positive if over 3.1% of the tumor cell nuclei appeared as monochromatic signals. (Fig. 3B ).
Clinical and follow-up assessment
Associations between tumor stage and patients' baseline characteristics were assessed after one or two cycles of chemotherapy separately, including gender, age, Ann Arbor stage, IPI score, immunophenotyping, treatment regimen, hepatitis B virus infection (HBV), LDH level, presence of B symptoms, bone marrow infiltration, imaging data (CT, ultrasound, and PET/CT), immunohistochemical results (CD20, CDl0, BCL-2, BCL-6, and MUM1), and MYC gene rearrangement. The range of follow-up time was from 6 to 71 months. The primary end-point of the study was PFS, which was defined as the time from diagnosis to the first occurrence of progression, relapse, death due to any cause, or last follow-up.
Statistics
Measured data within a normal distribution are expressed as the mean ± standard deviation (SD). Based on the D-5PS system, we compared the prognostic value of the criteria for the D-5PS score 3 (1-2 considered negative), score 4 (1-3 considered negative), and score 5 (1-4 considered negative) in terms of the sensitivity, specificity, accuracy, and area under the curve (AUC). Receiver operating characteristic (ROC) analysis was used to determine the optimal cutoff value for ΔSUVmax% in predicting disease progression or death. Sensitivity, specificity, accuracy, and AUC of prognosis for an optimal cutoff ΔSUVmax% were also compared between two cycles. Spearman's rank correlation coefficient (Spearman's rho) between D-5PS (score 5), MYC gene rearrangement, and ΔSUVmax% were calculated. Univariate linear regression analysis was performed for estimating the correlation between clinical variables and the cutoff value of ΔSUVmax% or D-5PS after one or two cycles of chemotherapy. Chi square (χ 2 ) tests were used to compare categorical variables. Survival rate analysis was implemented by the Kaplan-Meier and log-rank test. Spearman correlation was used to evaluate the relationships between ΔSUVmax%, D-5PS (score 5), and the presence of MYC gene rearrangement. Differences between the results in comparative tests were considered significant if the two-sided P value was <0.05. All statistical analyses were performed with SPSS 22.0.
Results
Clinical characteristics and protein expression characteristics
The clinical characteristics of all DLBCL, including staging, IPI scores, and chemotherapy regimens, can be found in Table 1 . In terms of outcome, 15 patients showed progression (n = 9 post 1 cycle, n = 6 post 2 cycles), 42 patients reached complete response (n = 19 post 1 cycle, n = 23 post 2 cycles), and three patients' response (n = 2 post 1 cycle, n = 1 post 2 cycles) showed partial remission during the follow-up period. The association between the prognosis (PFS) of DLBCL patients and age, gender, B symptoms, HBV or bone marrow involvement, Ann Arbor stage, treatment regimen, IPI score, immunophenotypes of GCB, and serum LDH level after one and two cycles of chemotherapy were separately listed in Table 1 . The prognosis (PFS) of patients was significantly related to the IPI score and MYC gene rearrangement after each cycle of chemotherapy (P < 0.05; Table 1 ). Patients' Table 2 .
Comparative analysis
Based on ROC assessment, the D-5PS (score 5) showed the highest prognostic values for disease progression status compared to the D-5PS (score 4) and D-5PS (score 3). The data on the sensitivity, specificity, accuracy, and AUC of D-5PS (score 3), D-5PS (score 4), and D-5PS (score 5) are listed in Table 3 . Moreover, the best cutoff for ΔSUVmax% as a prognostic parameter for disease progression after one cycle of chemotherapy was found to be 57%; after two cycles it was 63%. We did not detect a significant difference between the prognostic values (sensitivity, specificity, and the AUC) obtained between after one cycle as compared to two cycles when applying the ΔSUVmax% cutoff or the D-5PS (score 5) method (Table 4 ). There also was no significant difference observed between the ΔSUVmax% and D-5PS (score 5) at either time point (Table 5 ). The flowchart of patients categorized by D-5PS (score 5) and MYC gene status is displayed in Fig. 1 . There was a good concordance for the prognosis of disease between the ΔSUVmax% method, MYC gene examinations, and Deauville score methods. The prognostic results using a cutoff for ΔSUVmax% were significantly correlated with the MYC gene rearrangement and the D-5PS (score 5), both after cycle 1 and cycle 2 of chemotherapy (P < 0.001; Table 6 ).
Patients were categorized according to the cutoff value of ΔSUVmax% (57%) at one cycle of chemotherapy and ΔSUVmax% (63%) after two cycles of chemotherapy. The PFS was analyzed by Kaplan-Meier survival analysis (Fig. 2) .
We found a significant difference in PFS in both groups, when the specific cutoff for ΔSUVmax was applied, with the group imaged after 1 cycle at 57% (χ 2 = 30.68, P < 0.001; Fig.  2A ) and the group imaged after 2 cycles at 63% (χ 2 = 12.86, P < 0.001; Fig. 2B ). Patients were also categorized according to the D-5PS scoring method (score < 5 or score = 5) at both time points, and the PFS also significantly differed between these categorized groups after one cycle (χ 2 = 21.26, P < 0.001; Fig. 2C ) and after two cycles (χ 2 = 15.52, P < 0.001; Fig. 2D ). Patients with an MYC gene rearrangement had a significantly worse PFS than patients without an MYC gene rearrangement at after one cycle (χ 2 = 29.39, P < 0.001; Fig.  2E ) and after two cycles (χ 2 = 33.73, P < 0.001; Fig. 2F ).
Representative photomicrographs of neoplastic cells for MYC gene rearrangement exanimations are shown in Fig. 3 .
In the cohort of patients with an MYC rearrangement (n = 18), when applying the ΔSUVmax% cutoff value, we also found that three false-positive patients had no progression, with values of ΔSUVmax% and D-5PS of 71.7/D-5PS (score 4), 86.1%/D-5PS (score 4), and 46.1%/D-5PS (score 4) each after 1 cycle.
Discussion
18 F-FDG PET/CT has been widely used to guide therapy for DLBCL [26, 27] . However, the prognostic value of the current interpretation standard of the ΔSUVmax% and the D-5PS scale in the clinical practice still remains controversial [18, [28] [29] [30] [31] [32] . In this study, we compared the prognostic value of early PET scans already after one cycle compared to two cycles of chemotherapy using the ΔSUVmax% and D-5PS methods. We conducted an ROC curve analysis for the ΔSUVmax% of DLBCL during the early stage of chemotherapy to identify the best threshold value for predicting tumor progression. The best cutoff values of ΔSUVmax% for disease prognostication were 57 and Table 4 Comparison of sensitivity, specificity, and accuracy of D-5PS (five scores) and ΔSUVmax% with cutoff value for disease prognosis between time points after one and two cycles of therapy For positive disease progression: cutoff value of ΔSUVmax% after one cycle was 57% and the cutoff value of ΔSUVmax% after two cycles was 63% D-5PS (score 5): 5PS with score 1-4 considered negative AUC: area under the ROC curve; CI confidence interval For positive disease progression: cutoff value of ΔSUVmax% after one cycle was 57% and the cutoff value of ΔSUVmax% after two cycles was 63% D-5PS (score 5): 5PS with score 1-4 considered negative AUC: area under the ROC curve; CI confidence interval Fig. 1 Patients categorized by the ΔSUVmax% method with MYC gene examinations and Deauville sore methods. All sub-grouped patients were also grouped by the cutoff ΔSUVmax% value of 57% after 1 cycle of therapy and a cutoff ΔSUVmax% value of 63% after 2 cycles of therapy. Concordance indicated the percentage of patients categorized by different criteria after one or two cycles of chemotherapy Prediction of progressive disease: ΔSUVmax% < 57% after one cycle and ΔSUVmax% < 63% after two cycles; D-5PS (score 5) considered positive, MYC: positive MYC rearrangement 63% for one cycle and two cycles of chemotherapy, respectively, and there was no significant difference between the time points.
In a pioneering interim 18 F-FDG PET/CT study for DLBCL, Fuertes et al. [28] showed a promising prognostic value using the criteria of ΔSUVmax% > 75% following 2 or 3 cycles of F) . A, C, and E refer to patients after one cycle of chemotherapy; B, E, and F refer to patients after two cycles of chemotherapy chemotherapy. Casasnovas et al. [18] performed an interim 18 F-FDG PET/CT after two cycles of chemotherapy, and demonstrated that ΔSUVmax% has a high prognostic value in DLBCL and the optimized cutoff value of ΔSUVmax% was 66% (after 2 cycles) and 70% (after 4 cycles). This optimal cutoff after 2 cycles was close to the cutoff point of 66% reported by Casasnovas et al. [18] . Interestingly, we found that ΔSUVmax% after one cycle of treatment was only slightly inferior in terms of specificity as compared to ΔSUVmax% after two cycles (95% vs, 100%); in contrast, both sensitivity (80% vs. 54.5%) and accuracy (90% vs 83.3%) tended to be higher.
The D-5PS system is also commonly used to evaluate interim PET/CT scans. Published studies showed a high prognostic value of D-5PS (score 4) for interim 18 F-FDG PET/CT scans in patients with DLBCL. Nevertheless, Casasnovas et al. [18] and Itti et al. [29] demonstrated a poor prognostic value for the D-5PS (score 4) in interim 18 F-FDG PET scans for the prediction of PFS after either two or four cycles of chemotherapy. Mylam et al. [30] demonstrated the limited prognostic value of D-5PS (score 4) in a study of 112 DLBCL cases after 1 cycle of chemotherapy, but the D-5PS (score 5) showed a relatively higher prognostic value. Kim et al. [31] also showed that PFS was inferior in patients with a score of 5 on an interim PET scan compared to those with a score between 1 and 4. In this present study, D-5PS (score 5) showed the highest outcome prediction ability compared to either D-5PS (score 3) or D-5PS (score 4), which is in keeping with the study by Mylam et al. [30] and Kim et al. [31] . However, the falsepositive ratio was higher during the early course of chemotherapy. The reason for these results might be found in the heterogeneity of tumors, which could have lead to the disparate therapeutic responses. Also, in 2006, Kostakoglu et al. published an article assessing the value of an interim PET after one cycle of therapy. Unfortunately, the results for the visual assessment, which were very good with a sensitivity of 100% and specificity of 94%, cannot be compared to our study because another classification system was used. In terms of quantitative assessment, the colleagues found the best cutoff to be an SUVmax of 1.75 (sensitivity 92%; specificity 84%). Also, this value cannot be compared to our study because in their study, older and various types of PET scanners were used. However, what this study shows is, that in their study, as well as in ours, the interim PET has the potential for an excellent discrimination between responding and non-responding patients.
It has been previously demonstrated that the combination of molecular and imaging characteristics at diagnosis could lead to a more accurate selection of patients, to increase therapy tailoring [33] , so we also included the assessment of MYC gene rearrangement into our analysis. In our present study, an MYC gene rearrangement by FISH was found in the 30% of the patient population, which is significantly higher as compared to 5-15% reported in previous studies [20] [21] [22] [23] . This may be related to the higher proportion of patients in the high-risk group classified as stage IV and the IPI scores. Our study showed that the prognostic value of ΔSUVmax% was positively correlated with an MYC gene rearrangement and the D-5PS (score 5) either after one cycle or two cycles. Even though an MYC gene rearrangement was present, 3 out of 18 patients had no disease progression. Two were classified correctly as responders with a ΔSUVmax% of 71.66% and a D-5PS (score 4), a ΔSUVmax% of 86.09%/D-5PS (score 4); one was false negative with a ΔSUVmax% under the threshold (46.14%), but at the same time, a D-5PS (score 4) indicating response according to our established threshold. Our data, with the limitations mentioned below, is very much in keeping with previously published data on the influence of the molecular characteristics and PET-derived parameters on overall and progression free survival [33] . Here, the PET-derived initial total tumor metabolic volume was found to be a good predictor of the further course. 
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Limitations
This unicentric retrospective analysis has several limitations. Due to the limited number of patients, a multi-factor synergistic regression analysis for ΔSUVmax%, D-5PS (score 5), and MYC gene status was not possible. Thus, the joint prognostic value with multiple factors for PFS could not be compared at one and two cycles. In addition, heterogeneity was introduced into the trial because two different systemic treatment regimens were used. In our patient population, of the 43 patients who received R-CHOP therapy, 8 patients progressed (18.6%), and of the 17 patients who received CHOP therapy, 7 patients showed progressive disease (41.18%). However, using a chi-square or exact test addressing the type of systemic treatment, P values proved to be not significant (P = 0.069 or P = 0.099, respectively); therefore, the use of two chemotherapy regimes is most likely not resulting in a significant effect in terms interpretability of the results.
Conclusion
An interim 18 F-FDG PET/CT examination performed already after one cycle of chemotherapy was found to have equal power for the prediction of prognosis in DLBCL patients as compared to interim staging after two cycles. Therefore, an earlier prediction of response seems to be feasible, but should be confirmed in the context of a larger clinical trial.
